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NOTICE AND DISCLAIMER: This Recommended Practice is published by the Institute of Environmental
Sciences and Technology (IEST) to advance the technical and engineering sciences. Use of this document is entirely
voluntary, and determination of its applicability and suitability for any particular use is solely the responsibility of
the user. Use of this Recommended Practice does not imply any warranty or endorsement by IEST.

The information in this publication was considered technically sound by the consensus of persons engaged in the
development and approval of the document at the time it was developed. Consensus does not necessarily mean that
there is unanimous agreement among all persons participating in the development of this document.

IEST standards, recommended practices, and guideline publications, of which the document contained herein is one,
are developed through a voluntary consensus standards development process. This process brings together
volunteers and seeks out the views of persons who have an interest in the topic covered by this publication. While
IEST administers the process to promote fairness in the development of consensus, the organization does not write
the document and does not independently test, evaluate, or verify the accuracy or completeness of any information
or the soundness of any judgments contained in IEST standards, recommended practices, and guideline publications.

IEST disclaims liability for any personal injury, property, or other damages of any nature whatsoever, whether
special, indirect, consequential, or compensatory, directly or indirectly resulting from the publication, use of,
application, or reliance on this document. IEST disclaims and makes no guaranty or warranty, express or implied, as
to the accuracy or completeness of any information published herein, and disclaims and makes no warranty that the
information in this document will fulfill any of the particular purposes or needs of users of the document. IEST does
not guarantee the performance of any individual manufacturer or seller’s products or services by virtue of this
standard or guide.

In publishing and making this document available, IEST is not undertaking to render professional or other services
for or on behalf of any person or entity, nor is IEST undertaking to perform any duty owed by any person or entity
to someone else. Anyone using this document should rely on his or her own independent judgment or, as
appropriate, seek the advice of a competent professional in determining the exercise of reasonable care in any given
circumstances. Information and other standards on the topic covered by this publication may be available from other
sources, which the user may wish to consult for additional views or information not covered by this publication.

IEST has no power, nor does it undertake to police or enforce compliance with the contents of this document. IEST
does not certify, test, or inspect products, designs, or installations for safety or health purposes. Any certification or
other statement of compliance with any health or safety-related information in this document shall not be
attributable to IEST and is solely the responsibility of the certifier or maker of the statement.
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Institute of Environmental Sciences and Technology
Contamination Control Division
Recommended Practice 044.1

Vacuum Cleaning Systems for Use In
Cleanrooms and Other Controlled
Environments

IEST-RP-CC044.1

1 SCOPE AND LIMITATIONS
1.1 Scope

This Recommended Practice (RP) addresses design, usage, maintenance, and testing considerations related to
vacuum cleaning systems designed for use in cleanrooms and other controlled environments. The purpose of the RP
is to provide a basis for potential users to properly select and specify units for their contamination control
applications. This RP also discusses a variety of parameters that users should consider when specifying a vacuum
cleaning system for their particular applications. This RP concentrates on portable vacuum cleaning systems but also
discusses considerations for built-in vacuum systems. References to cleanroom in this document can also be
regarded as applicable to controlled environments, in which similar requirements may apply.

1.2 Limitations

This RP does not provide specific ratings or methods for determining the suitability of cleanroom vacuum cleaning
systems for any particular cleanroom classification according to 1SO 14644-1:2015 Classifications of air cleanliness.
Although such specifications are not covered, suitability is discussed.

The use of vacuum cleaners in nanoscale applications has yet to be proven safe or effective. This RP neither
endorses nor recommends the use of vacuum cleaners in nanoscale applications.

CAUTION: Use of this RP is voluntary. Although safety is of utmost concern, it is beyond the scope of this RP to
cover all of the potential safety issues associated with vacuum systems and applications using these systems. It is the
responsibility of the user to identify risks, to establish appropriate safety and health practices, and to determine the
applicability of regulatory limitations prior to use of this RP. This RP does not provide specific safety requirements
related to practices or procedures. Relevant safety standards and national and local regulations must be consulted.

2 REFERENCES

The following documents are incorporated into this RP to the extent specified herein. Users should apply the most
recent editions of these references.

2.1 Reference documents

EN 1822-1 High efficiency air filters (EPA, HEPA and ULPA) Part 1: Classification, performance testing, marking
IEST-RP-CCO001: HEPA and ULPA Filters

IEST-RP-CC002: Unidirectional-Flow, Clean Air Devices
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IEST-RP-CC018: Cleanroom Housekeeping: Operating and Monitoring Procedures

IEST-RP-CC026: Cleanroom Operations

IEST-RP-CCO034: HEPA and ULPA Filter Leak Tests

ISO 14644-1:2015 Cleanrooms and associated controlled environments — Part 1: Classification of air cleanliness

by particle concentration

ISO 14644-2:2015 Cleanrooms and associated controlled environments — Part 2: Monitoring to provide evidence

of cleanroom performance related to air cleanliness by particle concentration

ISO 14644-14 Cleanrooms and associated controlled environments — Part 14: Assessment of suitability for use of

equipment by airborne particle concentration

2.2 Sources and addresses

CEN

European Committee for Standardization
CEN-CENELEC Management Centre
Avenue Marnix 17 — B-1000 Brussels
Phone: + 32 2 5500 08 11

Fax: +32 255008 19

WwWw.cen.eu

IEST

Institute of Environmental Sciences and Technology
1827 Walden Office Square, Suite 400

Schaumburg, IL 60173, USA

Phone: 847-981-0100

Fax: 847-981-4130

WwWw.iest.org

ISO (National Standards)

International Organization for Standardization

In the USA, I1SO 14644 documents available from:
IEST

1827 Walden Office Square, Suite 400
Schaumburg, IL 60173, USA

Telephone: 847-981-0100

Fax: 847-981-4130

WwWw.iest.org

All other ISO Standards

International Organization for Standardization
ISO Central Secretariat

1, ch. de la VVoie-Creuse

Case postale 56

CH-1221 Geneva 20 Switzerland

Telephone: 41 22 749 01 11

Fax: 41 22 733 34 30

WWW.is0.0rg
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3  TERMS, DEFINITIONS, AND ABBREVIATIONS

3.1 Terms and definitions

abrasion resistance
The ability of the surface of a material to resist damage due to abrasion while in use.

airborne particle generator
A device that can produce solid (such as PSL microsphere) or liquid (such as PAO or DEHS) particles within a
specific concentration range and with a mean particle size suitable for the measurements described in this RP.

canister
The housing that encloses all functional elements of the vacuum cleaner.

challenge aerosol

An aerosol derived from the selected aerosol source material and used as the leak-test challenge. Challenge aerosols
may be produced by a variety of methods, with the choice determined by the aerosol type and the particle size
characteristics. For the purpose of this RP, the count mean diameter should be less than 1 um.

cleanroom vacuum cleaner
A portable vacuum cleaner that is constructed of cleanroom-compatible materials and incorporates a HEPA or
ULPA filter for final filtration of exhaust air to prevent contamination of the cleanroom environment.

collection capacity
The amount of waste matter that can accumulate in the collection chamber of a vacuum cleaner before the chamber
must be emptied.

continuous duty (as applicable to use in this RP)
An application requiring more than two hours of operation per day (continuously or intermittently) where a vacuum
cleaner is connected to a production machine and used as part of the production process.

debris
Any unwanted large or visible contamination larger than 100 pm.

fiber
A particle having an aspect (length-to-width) ratio of 10 or more.

incendive
Combustible or flammable; able to ignite or cause ignition.

Laskin nozzle
A nozzle used as part of a system to generate a polydisperse aerosol from a liquid, such as PAO, and which uses a
source of compressed gas in accordance with IEST-RP-CC013.

multistage filtration
A process involving removal of particles from air flowing through a series of filter elements of increasing filtration
efficiency.

nanoscale
Approximately 1 nm to 100 nm (1 nanometer = 1 billionth of a meter) size range of materials and structures.

outgassing
The process by which a solid material releases or emits a gas or vapor.

particle

A minute piece of solid matter with defined physical boundaries, typically smaller than 100 um in diameter.
polydisperse

A lognormal aerosol distribution having a geometric standard deviation greater than 1.25.

Venturi effect (as applicable to this RP)

The method used to create a vacuum by passing high-velocity air across an orifice (Venturi), thereby creating a low
pressure (vacuum).

.. Documents
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3.2 Abbreviations

CDA
Compressed, dry air.

DEHS (DOS)
Di(2-ethylhexyl) sebacate (Dioctyl sebacate)— an insoluble, colorless, odorless liquid, suitable for producing aerosol
droplets that can be used for testing air cleanliness levels in cleanrooms.

EMI
Electromagnetic interference (see also RFI).

ESA
Electrostatic attraction—the property of oppositely charged materials to be attracted to each other.

ESD
Electrostatic discharge—an arc or sudden flow of electricity between two electrically charged objects, that can result
in physical or electrical damage to either or both objects.

HEPA
High-efficiency particulate air (filter)—a filter that that is 99.97% efficient in filtering 0.3-um particles.

NRTL
Nationally recognized test laboratory.

PAO

Poly-alpha-olefin—a highly purified 4-cSt synthetic oil, which, when converted to an aerosol by an airborne particle
generator, acts as a controlled particle challenge for determining air cleanliness levels in cleanrooms. (Refer to IEST-
RP-CC034 for further details.)

PPE
Personal protective equipment—equipment or apparel used or worn by personnel for protection from risk to
personal safety.

PSL
polystyrene latex (microspheres)—solid, inert polymeric spheres produced as an aerosol by an airborne particle
generator.

PTFE
Polytetrafluoroethylene—a synthetic fluoropolymer of tetrafluoroethylene generally used for its chemical resistance
and non-stick properties.

RFI
Radio-frequency interference—an external disturbance in the radio frequency spectrum that affects the designed
operation of an electrical circuit by electromagnetic induction, electrostatic coupling, or conduction.

ULPA
Ultra-low penetration air (filter)—a filter that is 99.999% efficient in filtering 0.3-um particles.

4 BACKGROUND AND PURPOSE

41 General

Vacuum cleaning plays an important role in the general contamination control program for any cleanroom or
controlled environment by removing contaminants, typically larger than 10 um. Proper vacuum cleaning followed
by additional wiping techniques, as recommended in IEST-RP-CCO018, can result in extremely clean surfaces.
Vacuum cleaning systems dedicated to cleanroom applications should be specifically designed, operated,
maintained, and tested for that purpose; otherwise, contamination can unknowingly be generated and spread through
the cleanroom. Risks and limitations associated with portable and central (built-in) vacuum cleaning systems should
be carefully considered. Application of the principles provided by this RP will assist in making an informed decision
in the selection and use of the most appropriate equipment for each application.

This RP discusses the fundamental requirements for vacuum cleaning systems to perform effectively in cleanrooms
and controlled environments of all types. Preventive maintenance fundamentals will also be introduced. Vacuum
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cleaning systems should be tested in operation to verify they will not be a source of contamination when used in the
cleanroom.

4.2 Vacuum cleaner basics

A vacuum cleaning system consists of a vacuum generator or motor that provides a means of suction through a hose
and vacuum tool, which can be used to remove contamination from a surface. Such contamination may include
visible debris, smaller fibers, and particles. High-velocity, negative air pressure present at the pickup tool collects
the particulate contamination and propels it through a hose so it can be trapped in a collection chamber. The location
of the chamber and motor determines whether the vacuum cleaning system is portable or central. Portable and
central vacuum cleaning systems each have inherent strengths, limitations, and risks that should be considered
during the selection process. An incomplete assessment of these and other requirements can have a negative impact
on the products produced in the cleanroom environment.

Selection criteria are provided in subsequent sections.

4.3 Suitability of vacuum cleaners for use in cleanrooms

The ISO 14644 series of cleanroom standards provides guidance on a wide variety of cleanroom topics. 1SO 14644-
1:2015 provides the limits for specifying the cleanliness class of the air in a cleanroom, using a numerical scale
based on the number of particles counted in a sampled volume of air. The air cleanliness class is the fundamental
guide for defining the cleanliness of air inside a cleanroom.

NOTE: The ISO Class designation (e.g., ISO Class 5) pertains to air cleanliness and should not be used to describe
the relative cleanliness of a vacuum cleaner, equipment, or anything else used in the cleanroom.

To properly address the control of contamination inside a cleanroom, equipment should be demonstrated to be
suitable for operations, based on the specified cleanliness of the room environment. 1SO 14644-14 provides a
method for determining the suitability of equipment for use in cleanrooms by measuring airborne particle
concentrations resulting from the use of the equipment compared with the specified 1SO Class for air in the
cleanroom. This information is useful for assessing the particle generation by equipment such as vacuum cleaners.
Manufacturers are encouraged to test and provide such information to aid users in the process of selecting cleanroom
vacuum cleaners.

5 PORTABLE VACUUM CLEANING SYSTEMS

5.1 Overview

Portable vacuum cleaning systems used for dry pickup are self-contained and should operate entirely within the
cleanroom environment. Materials that may be present in the air collected by the suction tool include particles,
fibers, and other debris. Gross contamination is trapped in the intake module collection chamber. Smaller particles
are trapped in a separation module with multiple stages of filtration as the air continues to flow to and through the
vacuum-producing motor module. This process also helps to extend vacuum cleaner life and prevent premature
blocking of the final filter. Air exiting the motor module contains ultrafine and motor-generated particles that should
be filtered before exhaust air is expelled. Filter elements should be designed and constructed to withstand the rigors
of mobile use. Cleanroom requirements dictate that all air exhausted from a vacuum cleaning system not negatively
impact the cleanliness specifications for the cleanroom. Exhaust air cleanliness and turbulence should be controlled.
A HEPA or ULPA filter is required to trap these particles and reduce exhaust air turbulence to minimize risks for the
cleanroom. A testing procedure should be adopted to verify that the system is not leaking or emitting airborne
particles between maintenance cycles or after maintenance is performed.

Selection of the proper type of vacuum-producing motor depends on the application. See Appendix B for additional
details on the various motor types for portable vacuum cleaners.

A detailed discussion of basic vacuum cleaner functional elements and filtration (illustrated in Figure 1) is provided
in subsequent sections.
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